Evidence has been obtained in previous studies that the development of a fatty liver, in association with a lowered concentration of plasma lipids, after the administration of ethionine, carbon tetrachloride or puromycin, may be the result of inhibition of the formation of the protein moiety of the plasma lipoproteins in the liver Robinson & Seakins, 1962; Seakins & Robinson, 1963) . In the present work the possibility that inhibition of plasma lipoprotein formation could also account for the experimental fatty livers produced in the rat by white phosphorus and by ethanol has been investigated.
METHODS
Female albino rats (Wistar strain) weighing 180-200 g. were used. In the experiments with white phosphorus they were starved for 16 hr. before being given, by stomach tube under light ether anaesthesia, either 1-5 mg. of white phosphorus dissolved in 0-3 ml. of olive oil (test groups) or 0 3 ml. of olive oil alone (control groups). In the experiments with ethanol the rats were fed on their normal diet until either 3 ml. of ethanol-water (1: 1, v/v) (test groups) or an isocaloric amount (4 ml.) of a 50% (w/v) solution of glucose in water (control groups) were given, also by stomach tube. All the rats were starved thereafter until they were killed.
Incorporation of DL-[1-'4C]leucine into the proteins of rat liver and plasma in vivo. At either 2 hr. (white phosphorus groups) or 2-5 or 14 hr. (ethanol groups) after feeding, rats were injected by the tail vein with 20,uc of DL-[1-14C]-leucine (8-3 mc/m-mole) and killed 1-5 hr. (white phosphorus groups) or 2 hr. (ethanol groups) later by exsanguination from the abdominal aorta. The low-density lipoproteins (d < 1-063), high-density lipoproteins (d 1-063-1-21) and the residue proteins (d > 1-21) of the plasma were separated by ultracentrifugal techniques and their specific activities, as well as those of the liver proteins, were determined by methods described by Seakins & Robinson (1963) .
Incorporation of [32P]orthophosphate into the phospholipids of rat liver and plasma. At either 2 hr. (white phosphorus groups) or 16 hr. (ethanol groups) after feeding, rats were injected by the tail vein with 6 [ec of [32P]orthophosphate and killed 3 hr. later by exsanguination. The specific activities of the liver and plasma phospholipids were determined as described previously (Seakins & Robinson, 1963) except that no separation of plasma lipoprotein fractions was carried out.
Incorporation of sodium [1-14C] acetate into the free cholesterol of rat liver and plasma. Rats were injected by the tail vein with 20,uc of sodium [1-14C]acetate (13 mc/mmole) at 2 hr. after feeding with white phosphorus in olive oil or olive oil alone and were killed at various intervals thereafter by exsanguination. Samples of plasma and the livers from individual animals were combined into appropriate test and control groups (three animals/group) and the specific activities of the plasma and liver free cholesterol were determined (Seakins & Robinson, 1963) .
Concentration of lipids and free amino acids in plasma and liver. The concentrations of esterified fatty acid, cholesterol and phospholipid in liver and plasma were determined on duplicate samples of lipid extracts prepared as described by with the following modifications. In the preparation of the lipid extracts of liver the whole organ was first homogenized in 240 ml. of ethanol and then 80 ml. of ether was added. The resulting mixture was boiled and filtered while hot and the precipitate was washed twice with 50 ml. portions ofethanol-ether (3: 1, v/v). Cholesterol determinations in both liver and plasma were carried out by the method of Pearson, Stern & McGavack (1953) The concentrations of free amino acids in liver and plasma were determined as described by .
Counting procedure. The counting procedure was as described by but a NuclearChicago gas-flow counter was used. Duplicate samples were counted and the counts did not differ by more than 5 %. All counts were corrected to zero mass.
Statistical analysis. Where the significance of the differences between means has been calculated, the Behrens test has been used (Fisher & Yates, 1957) . A probability value (P) of less than 0 05 has been considered significant.
RESULTS
Effect of white phosphorus on the lipid content of rat plasma and liver. Twenty-four hours after feeding rats with white phosphorus, the total amounts and the concentrations of esterified fatty acids in the livers were increased markedly above those in control rats (Table 1 ) and the livers were fatty to the naked eye. The total amounts and the concentrations of cholesterol in the livers were also significantly higher (P < 0 01). Similar increases in the liver cholesterol concentration have been found after the administration of carbon tetrachloride and puromycin to rats (Seakins & Robinson, 1963 , and unpublished work).
The total amount of phospholipid in the liver was increased significantly (P < 0.01) but, as a result of the accompanying rise in the liver wet weight, the concentration fell.
The effect of white phosphorus on the plasma lipid concentration is also shown in Table 1 . Twenty-four hours after feeding, the concentrations of all the lipids studied were markedly reduced, the mean concentrations of esterified fatty acid, phospholipid and cholesterol being respectively 35 5, 33 and 12-5 % of those in the control animals. A fall in the triglyceride concentration in the plasma after white phosphorus administration has been reported (Lombardi & Recknagel, 1962) and this presumably accounts, in part, for the reduction in esterified fatty acid concentration found here.
Effect of white phosphorus on the incorporation of DL-[1-14C]leucine and [32P]orthophosphate into the proteins and phospholipids of rat liver and plasma. When DL-[1-14C]leucine was injected into rats 2 hr. after they had been given white phosphorus and olive oil, the incorporation of 14C into the proteins of the liver and into the low-and high-density lipoproteins and the residue proteins of the plasma was significantly less than in corresponding animals given"olive oil alone (Table 2) .
No effect of white phosphorus on the plasma free amino acid concentration was observed. Thus 3-5 hr. after feeding either white phosphorus in olive oil, or olive oil alone, to groups of five rats the mean plasma amino acid value was, in both groups, 3 1 + 0 2 pumoles/ml. In the liver, the mean concentrations of free amino acids were 23-5 ± 2 7 emoles/g. of liver wet weight (white phosphorus group) and 19 3 ± 0 9 ,umoles/g. of liver wet weight (control group).
The mean relative specific activities of the liver and plasma phospholipids in a group of rats injected with [32P]orthophosphate 2 hr. after they had been fed with white phosphorus and olive oil and killed 3 hr. after the injection were not significantly different from those in rats given olive oil alone (Table 3) In a previous study (Seakins & Robinson, 1963) (Recknagel, Lombardi & Schotz, 1960; Lombardi & Recknagel, 1962) . Possibly these differences between the responses to white phosphorus and to carbon tetrachloride or ethionine may be explained by the more drastic reduction in the incorporation of amino acids into the plasma proteins produced by ethionine and carbon tetrachloride than by white phosphorus Seakins & Robinson, 1963) .
The fatty liver produced by a single dose of ethanol in the rat is not accompanied by a fall in the plasma lipid, nor do the present studies suggest that there is any interference with the formation of either the protein or phospholipid components of the plasma lipoproteins in the liver. On the contrary, the incorporation of [32P]orthophosphate into the liver and plasma phospholipids is significantly increased after 16 hr. Since the effect of ethanol on the liver triglyceride concentration is transitoryafter a single dose the concentration returns to normal after 48 hr. (unpublished work)-the effects observed 16 hr. after feeding may be related to the recovery phase concerned with the removal of the excess of triglyceride in combination with the low-density lipoproteins of the plasma.
It should be emphasized that the finding that the fatty liver produced by a single dose of ethanol in the rat does not appear to result from impaired formation of plasma lipoproteins may have little relevance to the development of a fatty liver in chronic alcoholism in man. SUMMARY 1. The administration of white phosphorus to female rats produced, at 24 hr., a rise in the amount of esterified fatty acid in the liver and large falls in the mean concentrations of cholesterol, phospholipid and esterified fatty acid in the plasma.
2. Two hours after the administration of white phosphorus the incorporation of injected DL-[1-14C]leucine into the liver and plasma proteins was markedly reduced, whereas the incorporations of [32P]orthophosphate and of sodium [1-14C]-acetate into the liver and plasma phospholipid and free cholesterol respectively were not significantly changed.
3. Ethanol increased the liver triglyceride concentration at 14 hr. to almost twice that of control rats. Plasma cholesterol, phospholipid and esterified fatty acid concentrations were not significantly changed.
4. Ethanol did not affect the incorporation of DL-[1-14C]leucine into the liver and plasma proteins at either 2-5 or 14 hr. after its administration. The incorporation of [32P]orthophosphate into the plasma and liver phospholipids was increased at 16 hr.
